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S& ject : Hydraulic wdel studies of the 2- by 2-foo'~ Win Buttes 
regulating gate--Sari Angelo Project, Texas 

rmRPOSE 

The purpose of t h i s  study was t o  develop a satisfactory shape for the 
bellmouth which must be f i t t ed  within the relat ively short distance 
between the  upstream and downstream faces of the f-d-wheel gate. In 
addition, flow conditions i n  the conduit bwnstream from the gate leaf 
were studied and a head-discharge curve for various gate openings was 
determined. 

CONCWSIONS 

1. The e l l i p t i ca l  bellmouth entrance of the form 

x2 - +  ~2 = 1 
I# (n/312 

7. 

results i n  satisfactory gressures for t h i s  application. 

2. Slightly wba-taaospheric pressures are found in the top ,sad bottom 
corners of the be3Jmouth entrance immdiate4 upstream from the &ate 
slot. 'The magaitude of the maxiutum subatmospheric pressure is 2 feet  
of water with 100 percent gate opening axid maximum water swrface 
elevation i n  the reservoir. The pressures are a l l  above atmospheric 
i n  the bellmouth entrance for gate openings l e s s  than 100 percent. 

3. The maximum subatmospheric pressure in the conduit downstream From 
the gate s lo t  is 5 feet  of water. This pressvre. occurs in the bottom 
corners of the conduit immediately ypstream From the downstream face of 
the fixed-wheel gate. The lowest pressure occurs at a gate open- of 
30 percent and msximum reservoir elevation. For gate openings greater 
than 60 percent, the pressures i n  the downstream conduit are equal t o  
or greater than atmospheric, 



opening is 0.93. 

5. For reservoir elevations greater than 1920, the je t  w i l l  clear the 
radial  gate fieat:. 

6. For gate openings between 10 and 70 percent, c ~ ~ s s f l n w  and spray b 

are present on top of the nappe. 

7. To prevent objectionable operating conditions at  antdl  w t e  open- @ 

ings, the gate shouLd not opera~te at openings of less  than 2 inches for 
extended periods. 

8. The 2- by 2-foot regulating gate shod4 not be opened more than 
25 percent when f i l l ing  the space between the fixed-wheel and radial 
gates. 
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Tm?RoDUcTIoN 

Twin Buttes Dam i s  located across the Middle Concho River, Spring Creek, 
and the South Concho River about 9 miles southwest of San Angelo, Texasj, 
Figure 1. The dem w i l l  be an ea r th f i l l  structure with a crest  length 
of 8 .miles and w i l l  r i s e  about 134 feet  above the Middle Concho riverbed. 

The outlet works, Figure 2, is  located near the l e f t  abutment of the 
dam and is designed for a maximum discharge of 34,000 cfs  . 'Ehe outlet 
works consist of an intake structure, three 15.5-foot-diameter conduite 
From the intake structure t o  the gate chamber, three 12- by 15-foot 
ermrgency fixed-wheel gates located just upstream i M m  tbree l2- by 
15-foot tapseal radial  regulating gates, three l'l-foot-dIan&,er horse- 
shoe condults from the gate chamber t o  the s t i l l i s g  basin chute, the 
chute, a s t i l l i ng  basin, and-an excavated channel extending *om the I 

s t i l l i ng  basin t o  the river, Figure 3. 

Located within each of' the tbree 12- by 15-foot emergency fixed-wheel * 
gates is a 2- by 2-foot regulating gate. llhe purpose of the three emaU 
2- by 2-foot gates iu to release flows up t o  600 cis. Pbr flows greater 
than 600 cis, the 12-' k,y' 15-foot fixed-wheel gates w i l l  be opened, and 
outlet releases w i l l  be made through the three 12- by 15-foot topsea3 
radial regulating gates. 



Placing the  2- by 2-foot r 

tauce between the 

and head-disc 

the flow t o  s 

Discbarges in the ma&l were measured witb. calibrated venturi l ~ l e f  e r s  
located permanently ;js the laboratory. Rr:servoir head was measured b'y 
~neauxs of a pie20meter tap i n  the side of:the 3-foot-diameter tank. %he 
piezom-ber tap was connected to a direct  'reading di f ferent ia l  mnome%er 
(pot gage). Piezometers were placed in probable low pressure regionas 
on the beUmouth entrance and downstream, conduit, Figure 5. The prss- 
surcs acting on the  piezomters were me~rsured with single-leg, water- 
f i l l e d  manometers nouuted on a manometer board. Pressures t ha t  exc:eeded 
the range of the nanometer board were read on a mercury-filled pot gage. 

THE INVIS72IGATION 

In tes t ing the model, a ser ies  of runs were made with a head e ~ i v a l e n t  
t o  the  nmcbm reservoir surface above the gate center line, or 
101 feet  prototype. men, a series o f  runs were made with a head equiv- 
alegt t o  the  normal operating head of 56 feet. Pipally, a run 7 ~ s  made 
at 100 percent gate opening with a head equal t o  twice the;maximm 
reservoir elevation above the gate. The pressures a t  each pieronaeter, 
the discharge, and head on9 the gate: center l ine  were determin~ed for 
each run. In  coqputing the reservoir head, the hydraulic lo~lees were 
ignored because thei r  magnitude From the reservoir to the gat&: was only 
0.05 foot (prototype). 



-- 
Coneiderabb data ere available for shag:& the, bellmuth entrance fo 
rsctcugulax condulto. The eF3ermt rsurf€tUt,s wuelly ?OUV eUip- 
t ica l  cmree baaed on the high* or vidfltx of tlba e0~&it* However, 
three fac'tors i n  bellmouth bs igp that have no* ful ly  been iaveeti&ed 
are: (1) the eflect of en- portions of' the ,beU1Poukh before the rull a 

curvature: has been developed, (2) the ef#ecf o f  aeafiag 8 efe On the 
curved portion of the bellmu'bh, end (3) tihe eiiec$ o f  8 short ha(rtb 
of iloma'tream conduit. Tlrese three facbro 1-cam wort& in fift* . 
the strearnliaed entrance and nawlt reguk\tigB &ste 0etveen tke upstrem. 
and dowr~stream faces of the 12- by l5-foa% fixe8-Vhml g8h. A tri8l 
curve wczs forwJated for the ~ ~ u t h  sbse from presented ip 
Tec:&ical Memorandum No. 2-428, U. 8. Corgeiof P$rQSiueers, Watemys 
Eqperimrent Sta%fon, Vicksburg, Miseissippi. '\Thie o m e ,  

x2 y2 
I 

W + P 1  
0/312 

where 

X = distance From the miaor axis of the ellipse 

Y = distance from the major axis of the ellipse 

D a dimension of the conanrit & the direction 
concerned, 22.5 aches In this  bellrnrouth 

wss then tested I n  a water model for cr i t ical  subatmspher&c pressures 
aad t o  debmine di8churga-@e o w n u  relationahips . Testa on %he 
beUxwth entrance, indicated bebw, show thia curve t o  be sa(c$efisotory. 

Belhouth and Drm~tream ConMt Pressures 

I n  order to fsc:ilitate the comparieon of preseurea at w i o w  pah t e  ;ia 
the model undar various heode, the foUowitq~ pressure coefYicSeat *was 
used: 

a,-& I 

5 
t 
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h t  = t o t a l  head at center l ine of gate 

hx = piezometric head at the piezometer 

Figurea 6, 7, 8, 9, 10, and ll are  plots of these pressure coefficients 
for veu:ious gate openings. 

The mudel t e s t s  show th i s  coefficient t o  be independent of reservoir 
head. Thus, the pressure gradient can be computed for any reservoir 
head by expressing the pressure data in  t h i s  dimensionless form. 

The only subatmospheric pressures on the bellntouth entrance are fouad 
in the corners immediately upstream from the gate s lo t  for m a x i m a  gate 
opening. With the reservoir a t  the mnximum water surface elevation and 
the: gate 100 percent open, the average subatmospheric prototype pres- 
sure is 2 feet  of water.. A pressure fluctuation of +l.7 feet  of water 
with a peqpency of 33 cps is superixqosed ,on the avsage subatmospheric 
pressure. These instantaneous pressures were measured with a pressure 
transducer pbced on tile c r i t i ca l  piezomtera. 

'U general, the downstream conduit pressures are lowest sear the down- 
stream end of the conduit. In fact, subatmspheric pressures exist  i n  
the corners and on the sides of the conduits for less  than 70 percent 
gate openings. Ilhe lainhum qressure occurs at a gate opening of 
30 percent with the reservoir at the maxJmm water surface elevation 
when an average subatmospheric pressure of 5 feet  of water was recorded. 
A pressure fluctuation of only +0.6 foot of water is sarperiqosed on 
the average subatmospheric preszure with a f're~uflncy of 31 cps at the 
downstream corners of the downstream condu't. 

Discharge Coefficient 

Several reservoir heads and discharge-readings were obtained for gate 
openings i n  increments of 10 percent, and in addition, for 5 aad 
95 percent gate openings. The expression usedto  deternine the 
discharge coefficient is Q E Cd A- 

. 
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' C d  = discharge coefficient 

A = area of actual gate opening; or  area of 
I 

gate opening when 100 percent open 

H = reservoir head on the center l i ne  6f the . 
&a* owning 

The discharge coefficient for  the gate Fully open was found t o  be 0.93. 
Discharge coefficients for the fu l l  range of gate openings sre given 
in Figure 12. 

Flow Characteristics 

A t  p a r t i a l  gate openings, a crossflow vas noticed on top of the nappe, 
Figure 1s. Water leaving the upstream edge of the gate s l o t  spread 
into the s l o t  and w i n g e d  won the downstream s l o t  corner. This flow 
in the s lo t  was then deflected acroos the top of the  je t ,  causing a 
rough ~ u r f a c e  and considerable spray-. The jeL also impinged won the 
w U 6  of the dovnstream conduit, forming a f i n  of water on each side ,$ 
of the nappe. These fins are nrost prominent for  gate openings between4 
20 and 50 percent. ;"i" 

J, - ." 
A t  100 percent opening, the center portion of the nappe struck the 
crown of the downstream conduit, causing only minor spray; but the 
corners of the conduit were fu l ly  aerated. 

The mde l  tests showed t ha t  the iree j e t  coming from the 2- by P f o o t  
regulating &ate b e s  not strike the seat  of the 12- by 15-foot radial 
gate, Figure 2, for  reservoir elevations greater thaxi 1920. 

PROTOTYPE DESIGN CHANGES 

Attk the coq le t ion  of the model tests, the following changes were 
made in the prototype design: (1) gate leaf mved upstream 1 inch, 
(2) top and bottoa 04 belhouth  moved inward t o  maintain 1-foot . 
U-3/k-inch height o f  opening, (3) sides of bellmouth mved inward to 
maiDtain 24-inch width of opening, (4) sides of bunstream conduit 
mved outward 1/2 inch; new width i s  2 fee t  2-3/4 Inches, and (5) top 
of bunstream conduit unchanged. !I!hese changes were required to 
provide proper balance in  the 12- by 15-loot fixed-wheel gate. 

6 



charge noted in t h i s  report. !l?he magnitude of the subatmospheric pres- 
sures in the dowristream conduit should decrease. It i p  also expected 
tha t  the severity of the crossflow and splashing w i l l  cbcrease with the 
aforementioned changes. 

Limitations on Operation of Gate 

The model t e s t s  indicate tha t  the gate w i l l  operate sa t i s fac tor i ly  a t  
f ree  discharge through the full range of gate openings from 5 percent 
t o  100 percent. 

Computations show, however, tha t  the jet contrad%.on is such %hat, the 
top of j e t  w i l l  s t r ike  the bottom gate sea l  a t  gate openings l e ss  than 
1 inch. To prev&t vibration i n  the gate when the space between the 
spring point and bottom gate sea l  fills, a s  in a short tube, and allou- 
ing for  inaccurate gate settings and imperfections i n  the spring point, 
it i s  recommended tha t  the gate should not be operated for  extended 
periods a t  gate openings l e ss  than 2 inches. 

The regulating gate is not designed t o  operate submerged a t  low back 
pressures. It may be necessary, however, t o  operate the gate submerged 
while f i l l i n g  the tunnel space between the 12- by 15-foot fixed-wheel 
gate and radia l  gate. During t h i s  tunnel-fil l ing operation, it is 
recommended tha t  the 2- by 2-foot gate be opened no more than 25 percent 
t o  permit maximum water circulation in the short conduit immediately 
d.awnstream from the gate leaf .  i 

- ~.- 
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